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1.  INTRODUCTION
Of great interest for the production of medical implants is
the use of those metals that form a protective oxide film,
decreasing the chemical activity of the material [1–5].
For the oxide film to possess protective properties, it has
to meet the following requirements: continuity—pore-free;
good adhesion to the metal substrate; a coefficient of
thermal expansion close to that of the metal; chemical
inertness; high hardness and wear resistance [6–8]. The
oxides of metals such as Ti, Zr, Nb and Ta fulfil most of
these requirements [1, 9, 10].
It is possible to increase the protective properties of
oxide films by anodic oxidation of the metal substrate that
forces growth of a thick oxide using a high external
electric field in a gas or liquid environment [9, 11, 12].
Such anodic oxides have a disordered structure and can
maintain significant deformation (up to 50%) without
disintegrating, and strongly adhere to the metal substrate
[13]. Most of the anodic oxides are chemically inert and
do not interact with osteal tissue [14].
Anodic oxide films of Ti, Zr, Nb and Ta with
amorphous structures can pass into an electret state and,
after switching off the external electric field, maintain
polarization [12]. This polarization may be associated
with both the ordering of dipolar oxide molecules and the
redistribution of space charge in deep traps of the
dielectric oxide film. The existence of an electret charge
on a medical implant surface can activate processes of
adjustment and stabilization after installation into bone
tissue. It is defined by activation of the formation of
calcium phosphate masses, including new hydroxyapatite
crystals, in the zone adjacent to the implant [15]. Such
electrostimulation tends to diminish any postoperative
wounding in the bone tissue and facilitates adaptation of
the organism to the implant.
However, there are open questions connected with
the influences of the sign of the surface charge of the
oxide, the oxide thickness in the electret state, and
metabolic processes near the implant surface.
The purpose of this work was to investigate the
formation of crystalline calcium phosphate sediments and
their nature near the oxide coating of an implant in a
solution simulating the composition of blood plasma
(inorganic components).
2.  EXPERIMENTAL
Titanium plates imitating implants with different thickness
of surface oxide were used. Oxide films were grown by
anodic oxidation of titanium in a 0.01% aqueous solution
of phosphoric acid [8, 9]. The resulting set of samples had
oxide thicknesses varying from 50 to 300 nm.
To carry out model tests in a simulated biological
environment, the metal plates imitating implants were
placed into a solution whose composition of inorganic
components was close to that of blood plasma. This
composition involves the creation of calcium phosphate
sediments and subsequently the formation of
hydroxyapatite crystals. Introducing the implants into the
solution induces sludge formation; its quantity and
distribution over the surface of the plates were
estimated. It was presumed that if the implant after anode
processing will activate the formation of calcium
phosphate on its surface, the stimulation of similar
processes upon introduction of an implant to real bone
tissue will lead to faster restoration of tissue at the implant
site and, therefore, to faster healing of the wound.
The test solution was prepared to be equivalent to
blood plasma at T = 36.5 °C and pH = 7.4. The
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concentrations of dissolved ions were: Na+,142.0; K+, 5.0;
Mg2+, 1.5; Ca2+, 2.5; Cl–, 147.8; HCO3–, 4.2; HPO4
2–, 1.0;
and SO4
2–, 0.5 mmol. The solution was prepared by
dissolving the following reagents: NaCl, NaHCO3, KCl,
K2HPO4•3H2O, MgCl2•6H2O, CaCl2 and Na2SO4 in
distilled water [16]. To adjust the pH, (CH2OH)3CNH2 or
1 M hydrochloric acid solution was added.
Infrared (IR) spectra of the sediments in the solution
were taken using a Perkin–Elmer Spectrum One Fourier
transform spectrometer. Processing and analysis of
spectra were carried out by means of software built-in to
the instrument.
The X-ray diffraction phase and structural investiga-
tions were carried out using a DRON-2.0 diffractometer
according to the Bragg–Brentano θ–2θ scheme. To elimi-
nate Kβ−reflexions a manganese filter was used. The point-
wise measurements were fulfilled  with step 0.1° and 10 s
exposure at each point in the angular range 2θ = 15–120°.
3.  RESULTS AND DISCUSSION
The oxides of some metals (Ti, Nb, Ta, etc.) applied to the
production of implants have electret properties and are
able to accumulate and hold electric charge in their volume
for a long time. This can be extremely useful as it allows
the natural distribution of electric potentials on bone tissue
surfaces, which can be disturbed by the introduction of an
implant [15], to be restored. The distribution of natural
potentials is defined by the piezoelectric properties of
bone tissue. Restoration of the normal surface electric
potential in the field of an implant allows activation of
relaxation processes of the damaged bone tissue by
transport in this zone of calcium phosphate components,
with the subsequent formation of hydroxyapatite crystals
and, therefore, stimulation of a more complete integration
of the implant into living tissue than otherwise.
Determination of the sign of the surface charge that
promotes the accumulation of calcium phosphate from
solution onto an electrode, modelling blood plasma, was
the initial task. For this purpose, two stainless steel
electrodes were placed in the electrolytic cell filled with
the prepared solution, and a voltage U = 1 V from an
external source was applied. After one week of incubation
at room temperature the solution was removed and the
electrodes were dried. The end result of this experiment
is shown in Fig. 1.
A white coating was formed on the negative electrode
but not on the positive electrode, on which only traces of
electrochemical corrosion of the metal were visible.
IR-spectra were taken and compared with the
corresponding spectrum of native bone tissue (Fig. 2).
On both spectra there are bands at 3568.03 cm–1,
3434.64 cm–1, 3409.37 cm–1 and 3244.06 cm–1 corresponding
to stretching vibrations of hydroxyl groups OH–; a band at
2928.72 cm–1 corresponding to CH2
– groups; bands at
1634.75 cm–1 and 1632.66 cm–1 corresponding to the
deformation vibrations of H2O; bands at 1455.58 cm
–1,
1421.13 cm–1 and 873.12 cm–1 corresponding to carbonate
groups CO3
2–; and bands at 1093.68 cm–1, 1037.41 cm–1,
1034.15 cm–1, 669.58 cm–1, 602.14 cm–1 and 563.82 cm–1
corresponding to phosphate groups PO4
3–. The main IR
absorption bands of bone tissue coincide with those of
calcium phosphate sediments on the sample surface. This
indicates that the coating composition formed from the
prepared solution is similar to the composition of native
bone tissue, of which the main part is hydroxyapatite.
Nevertheless, the intensity of the CO3
2– bands is more in
the case of calcium phosphate sediments. At the same
time the signal from PO4
3– is a little understated; also a
higher background in the range 950–670 cm–1 is observed.
These indicate a violation of the composition stoicheiometry
of hydroxyapatite crystals in the sediment and the presence
of other calcium phosphate compounds—impurities—in
comparison with the composition of native bone.
Figure 1. Photograph of the electrolytic cell at the end of the
calcium phosphate sedimentation test (in colour online).
Figure 2. IR spectra of (1) native bone tissue and (2) calcium
phosphate sediment from the solution imitating blood plasma.
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The X-ray diffraction pattern of the crystal
sediments formed on the metal implant surfaces is
presented in Fig. 3. Essentially all the lines on the X-ray
diffractogram correspond to the hydroxyapatite lattice.
Nevertheless, ascribing more weight to the indistinct
bands of the IR spectrum corresponding to the calcium
phosphate sediments and the intensive lines of carbonate
radicals in comparison with the spectrum of native bone
tissue, the apparent abundance of single-phase crystals is
inconclusive. It is more probable that the sediments
include the dominant hydroxyapatite phase and other
calcium phosphate compounds in a highly dispersed or
amorphous state.
4.  CONCLUSIONS
In order to achieve the formation of a protective coating
on an implant surface it is necessary to select materials
not only from the point of view of their chemical and
electrochemical inertness; an important criterion is also
the presence of active properties of such materials; for
example, the ability to form and maintain in their volume
negative electrical charge. Such charge activates the
environment surrounding the implant and accelerates the
formation of hydroxyapatite crystals, which are the basis
for creating new bone tissue. This should diminish the
time to restore damaged tissue and optimize the
integration of the implant.
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